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NATTONAL ADVISORY COMMTTTEE FOR AERONAUTICS.
TEOENICAL NOTE NO. 244.

NAVY PROPELLER SECTION CEARACTERISTICS AS
USED IN PRCPELLER DESIGN.
By Fred E. Weilck.
Summary

This report contains artificial serodynamic characteristics

of a set of propellsr secticns to be used in designing propel-

lers by means of the tlade element theory. Characteristics com—

puted from model propeller tests for a gingle section are ex-

tended to cover sections of all thicknesses by means of model

wing tests on a series of Navy propeller sections at high Rey-
nclde Mumber in the variable density tunnel of the National

Advieory Comnittee for Aeronautics.
Introduction

Designing propellers by means of the blade element theory .
requires the knowledge of aerodynanic oharqcteristics which tru-
1y represent the airfoil scctions. Ailrfoil characteristice ob-
tained from wind turnel model wing tests arc often uged for
1ack of better information. These, however, are not directly
applicable to segments of revolving prcbeller blades. DBetter

resulte arc obiaired by using chaxacteristics that have been

calculatcd from model propcller tests. Such characteristics have
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been determined for a limited number of sections (Reference 3).

They are extended to cover sesctions of all practicable
thicknesges by means of model wing tests on a series of Navy
propeller sections {Reference 1).

These tests were made in the variable density wind tunnel
of the National Advisory Gomm;tteo for Aeronaufics. The sec-
tions were tested at two tank pressures, one atmospherc and
twenty atmospheres, the Reynolds Mumber at the latter pressure
corresponding to about the maximum found in propellers. The
shapes of all the sections are derived from a standard curve
(Fig. 5) in such a manner that the ratio of corresponding ordi-
nates to the maximum ordinate remains tke same. The cambers or
maximum ordinates in terms of the chord of the six sections
tested were, .04, .08, .10, .13, .18 and .20. These cover the
range of flat faced sections usually found in propellers. .\
camber of .04 is slightly less than is used in the thinnest
metal propellers at the present time, and .20 is aboubt the cam-
ber usually found at half the radius in wooden propellers.

These sections, soretimes slightly modified, have been wide-
1y used in prcpellers in this country and abroad. This report
gives their aerodynamic characteristics as propeller sections

to be used in the blade element theory.
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Scale Effect

Consider an 11 ft. propeller of average wooden construction )
revolving at 1800 revolutions per minute. The most effective
sections, those from about 60 to 80 per cent of the radius, are
operating at a Reynolds Number of about 3,800,000, which is
the same ag that of the propeller sections tested at twenty at-
mospheres. Near the tip of the propeller and at abouj half the
radiusg the Reynolds Jumber drops to approximately 3,000,000.

Fig. 1. shows a set of Op and Op curves at 1 and 30 atmos-
pheres for each section tested. Over the working range the
curves for all but the thickest section lie quite close together,
indicating that the scale effect with change of Reynolds Nunmber
is negligible. The tests on the thickest section show a laxrge
decrcase in both the 1ift and drag poefficicnts at the higher
Reynolds Number.

It is known that when operating in propellers, the 1ift and
drag coefiiclents of airfoil sections increase as thelr spced
relative to ﬁhe air is increascd, and this incrcase becomncs
greater as the velocity approaches that of sound (Reference 2).
Since increasing the Reynolds HNumber tends to decrease these
coefficients where i% affects them at all, it follows that this
increase in the coefficients must be due entirely to the compres-

gloility of the air.
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Bropeller Section Characteristics for Use

With the Blade Element Theory

Airfoil characteristics obtained from wind tumnel model
wing tests are not directly applicable to airfoil sections in
a propcller, for the conditioné of operation are quite differ-
ent. The model airfolls are usually rectangular in plan fomm,
the characteristics measured teing the average for the whole
span. Sections in propellers usually vary in chord and camber
along the radius, and the airfoll characteristics as used in
the blade element theory apply to an infinitely small clement
of the span. Furthermore, as Dr. Munk of the staff of this
Committece has pointed out, the centrifugal effect on those par-
ticles of air which come in contact with the revolving blades
may cause a differcnce in the air flow.

In order to obtain characterietics which more accurately.
represent sections working in a propeller, the values of Og
and L/D bhave been comnuted from propeller test data (Reference
3). The propellers tested have standard Navy sections, the
O, and L/D curves being calaulated for a few sections of medium
camber. These curves for the section having a camber of .12
are shown in Fig. 3. The curves obtained iIn the variable density
wind fummel tests at 30 aitmospheres for the section having a
camber of .12 are also shown in Fig. 2. It will be noticed that
the 1ift curves are parallel, but the angle of attack for zero

1ift 1s about 1 degree lower for the curve calculated from the

-4
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propecller tests.

It scems reasonable to assume that the variab$ion of 1ift end
drag with section thicknzss is the same for wing sectlonse and
propeller sections. Therefore, for propeller work, a set of
characteristics for these sections covering the full range of
thickness might be based on the curves calculated from the pro-
peller tests for a camber of .12 and the variation for other
cambers obtained from the airfoil section tests in the variable
density tunnel. Fig. 3 shows a set of such curves which have
been faired and cross faired. The 1ift coefficient at 20 atmos-
pheres for each section tested has been obtained in relation to
that for the section of camber .12 at each angle of attack.

Cr, g plotted
C1, for camber .1

against camber are shown in Fig. 4. The values of the 11ift

The faired curves for this relation

coefficients for all cambers excepting .12 shown in Fig. 3 have
been obtained through Fig. 4. The values of L/D in Fig. 3
have been obtained in like manner.

This provides a set of propeller section characteristics
to be used with any accourate form of the.blade element theory

which takes into account the inflow and the.blade interference

(Reference 4). For all excepting the thickest sections they
may be used for any Reynolds Number, but compressibility of the
air at speeds approaching that of sound is not taken into ac-

count -
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Comparison of Navy Propeller Sections with Other Airfoil Sections

Tested at Full Scale Reynolds Number

In Fig. 6 the maximum L/D found in the variable density
tunnel at 20 atmospheres for each of the Navy propeller sectlons
is plotted against section camber. It will be noticed that ex-
cept for the thinnest section they all plot olose to a straight
line. It was necéssary to use a different method of supporiing
the section having a camber of .04 in the test due to its ex-
treme thinness, so the high L/D found for it is probably due
to an error in the drag reading. It is possible, however, that
the sections show rapid improvement as the camber is reduced
from .08 to .04.

The maximum values of L/D of some other sectlons which
have been tested under the same conditions in the variable den-

sity tunnel are also plotted in Fig. ©&. Each of the values is

hizher than that of the propeller section having the same camber,
indicating that for full scale Reynolds Kumber, better propeller
sections could be designed for all cambers with the possible ex-
ception of the extremely low ones. More complete investigation
hage shown that this holds true over the entire working range of
the sections and not mer-ely for the point of maximum L/D. The
use of propeller sections similar'to the Clark Y or the U.S-A.
35-B should result in an incregse in propeller efficiency of

from 2 to 3 per cent over Navy propeller sections. If this is
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confirmed in propcller tests, full scale tests on a family of
improved propellier sccsicns would be a help to propeller de-
signers.

Concliueiors

1. Scale effect with change of Reynolds hamber is negli-
gible for all excepting very thick Navy propeller sections.

2. A set of Navy prcpeller section characteristics is
given %0 be uced i1n comnection with the blade element theory.

3« There sezms %o be & possibility of increasing propel-
ler efficiencies frcm 2 to 3 per cent by the use of bettef

sections.
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Fig,5 Navy propeller section curve. Ordinates in terme of
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28 A‘YK
. 5R¢A.-F¢"'L5
26 \
\ EN.%.G.A. M-4
\ \U.SCA.-'-S
R4 \ =N B[ C.A.| &6
Clark-¥Y
32 ~ N i:*-bs'ﬁ-—ﬁ-B
\ N
\\\ “yU.sla.-ap
-4\
20 < 5
0\ ‘-UQSIAI—BS-A
L Gott .[387
' / t:>a4a
16 Navy plropeller sbctiops—1 N
14 -EN
13 04 08 12 .16 20 22

Section canber

Fig.g Chart of maximum_%_against camber.



